Chapter 5, Problem 1.

The equivalent model of a certain op amp is shown in Fig. 5.43. Determine:
(a) the input resistance.
(b) the output resistance.
(c) the voltage gain in dB.

G0 2

¥y E‘: 1.5 MG 8x10*vd

Figure 542 For Prob. 5.1.

Chapter 5, Solution 1.

(@) Rip=15MQ
(b) Rout = M
(c) A=8xl0*

Therefore Ags = 20 log 8x10* = 98.0 dB

Chapter 5, Problem 2

The open-loop gain of an op amp is 100,000. Calculate the output voltage when there are
inputs of +10 UV on the inverting terminal and + 20 UV on the noninverting terminal.
Chapter 5, Solution 2.

Vo =Avq=A(v2-V))

=10 (20-10)x 10° =1V
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Chapter S, Problem 3
Determine the output voltage when .20 YV is applied to the inverting terminal of an op

amp and +30 YV to its noninverting terminal. Assume that the op amp has an open-loop
gain of 200,000.

Chapter 5, Solution 3.

Vo= Avq=A(v2 - vq)
=2x10° (30 +20)x 10° =10V

Chapter 5, Problem 4

The output voltage of an op amp is .4 V when the noninverting input is 1 mV. If the
open-loop gain of the op amp is 2 < 10°, what is the inverting input?

Chapter 5, Solution 4.

Vo= Avqg=A(v2 - vq)
Vo —4

V-V = —= =-2pVvV
A 2x10°

vy - vy =-2uV=-0.002 mV
1 mV -v;=-0.002 mV
vi =1.002 mV
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Chapter 5, Problem 5.
For the op amp circuit of Fig. 5.44, the op amp has an open-loop gain of 100,000, an

input resistance of 10 kQ, and an output resistance of 100 Q. Find the voltage gain V,/v;
using the nonideal model of the op amp.

-

¥ ¥a

Figure 5.44 for Prob. 5.5
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Chapter 5, Solution 5.

I
Ry
Vs
4%4%%
+
AVd Vo
—Vi+AVd+(Ri+Ro)I:O (1)
But  vg=Rjl,
-vi+ (Ri*Ro+RA)I=0
L Ry v @)
RO +(1+A)Ri
-Avg-Rol +vg=0
R, +R.A)v.
VO:AVd+ROI=(Ro+RiA)I — ( 0 i )Vl
R, +(1+A)R,;

v,  Ry+RA  100+10*x10°

v. R,+(I+AR, 100+(1+10°)

1

12

10" o+ _ 100,000

= 2% ——— = 0.9999990
i1+10 ) 100,001
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Chapter 5, Problem 6

Using the same parameters for the 741 op amp in Example 5.1, find v, in the op amp
circuit of Fig. 5.45.

+
T 741 —av

| mV

Figure 5.45 for Prob. 5.6

Example 5.1

A 741 op amp has an open-loop voltage gain of 2>X10°, input resistance of 2 MQ, and
output resistance of 50Q. The op amp is used in the circuit of Fig. 5.6(a). Find the closed-
loop gain Vy/Vs . Determine current i when vs=2 V.

20k
A
l0ke2 | Vi

(a)
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Chapter 5, Solution 6.

Ry

AVd Vo

(Rop+R)R +vi+ Avg=0
But vq =Ril,
vi t (Ro +R;+ RiA)I =0

_Vi
R, +(1+A)R,

-AVd - R()I + Vo = 0
Vo = Avg+ Rol = (Ro + RIA)I

Substituting for I in (1),

Vo=

_[ R, +R.A JV‘
R, +(1+A)R, 1
(50 + 2x10°x2x10%)-10°
50+ (1 +2x10° Jx2x10°
—200,000x2x10°
200,001x2x10°

(1

vo ==0.999995 mV
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Chapter 5, Problem 7

The op amp in Fig. 5.46 has R; = 100 k€, R, = 100 Q, A = 100,000. Find the differential
voltage Vg and the output voltage V.

[0 kia 100 kL2
A |

| mV

Figure 5.46 for Prob. 5.7
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Chapter 5, Solution 7.

100 kQ

10 kKQ| 1 Rou=100 ©

+
O e e
T V“§ Rin 1/ AVa Vout

Atnode 1,  (Vs—V)/10k = [V}/100 k] + [(V) — V)/100 k]
I0Vs—10V; =V +V; -V
which leads to V; = (10Vs + V()/12
Atnode 2, (Vi—V)/100k = (Vo—(-AVy))/100
But V4=V;and A =100,000,
Vi -V, = 1000 (Vo + 100,000V))
0= 1001V + 99,999,999[(10Vs + V()/12]
0 = 83,333,332.5 Vs + 8,334,334.25 V,
which gives us (Vo/ Vs) = —10 (for all practical purposes)
If Vs=1mV, then V) = =10 mV

Since Vo = A V4 = 100,000 Vg, then V4= (VO/IOS) V = =100 nV
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Chapter 5, Problem 8
Obtain V, for each of the op amp circuits in Fig. 5.47.

[0 ki

&)
&
[

I maA ¥

(a) (b

Figure 5.47 for Prob. 5.8

Chapter 5, Solution 8.

(a) If v, and vy, are the voltages at the inverting and noninverting terminals of the op

amp.
Va=vp =0
0-v,
ImA = — vy ==2V
2k
(b)
10 kQ
2V
l‘JI : V‘Jl _ 2V

10 kQ
2 w
Vi * 2KQ + +
1v( + Vo Va i Vo

(a) (b)

Since v, = v, = 1V and i, = 0, no current flows through the 10 kQ resistor. From Fig. (b),
Va+2+vo=0 —» vo=v,-2=1-2=-1V
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Chapter 5, Problem 9
Determine V, for each of the op amp circuits in Fig. 5.48.

2 k2

M
o
| mA +) @ v,
a

+

Figure 5.48 for Prob. 5.9

Chapter 5, Solution 9.
(a) Let v, and vy, be respectively the voltages at the inverting and noninverting

terminals of the op amp

Va=Vp, =4V
At the inverting terminal,
4
ImA = 1:/0 — > =2V
(b) v

Since v, = vy, = 3V,

Vbt 1+ve=0 —> vo=v-1=2V
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Chapter 5, Problem 10

Find the gain Vo/Vs of the circuit in Fig. 5.49.

20 k(2
A T o
10 k2 ‘g
i @) TL %
0k <
T

Figure 5.49 for Prob. 5.10

Chapter 5, Solution 10.

Since no current enters the op amp, the voltage at the input of the op amp is vi. Hence

10 v, v,
Vs =V, = — =2
[10+10j 2 \% -
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Chapter 5, Problem 11
Find v, and i, in the circuit in Fig. 5.50.

ERNN
Y
2k
A = —-
Ay +
5k
¢ O EE (2 4 ki = ¥
v (D) 2 10k0 z!

Figure 5.50 for Prob. 5.11

Chapter 5, Solution 11.

@, = =3

10 —
vp=—(3)=2V
TS
Atnode a,
3=V =Ya Vo —» 12=5v,—V,
2 8

Butv,=v, =2V,

12=10-v, —> Vo ==2V

i(): _lmA
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Chapter 5, Problem 12.

Calculate the voltage ratio v,/vs for the op amp circuit of Fig. 5.51. Assume that the op

amp is ideal. 25 kQ
N VA NI
5kQ
. |
Vs +
Vo
10 kQ

Figure 5.51 For Prob. 5.12.

Chapter 5, Solution 12.

This is an inverting amplifier.

25 v,
\Y :—?vS —> —2=-5

(o]
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Chapter 5, Problem 13

Find v, and i, in the circuit of Fig. 5.52.
L

2

= 10 ki
=

@

E: 00 kL2

Figure 5.52 for Prob. 5.13

Chapter 5, Solution 13.

=

\ 4

By voltage division,

Va= 2(]) =0.9V
100
50 v,
Vp=—V,6 =—>
150 3

Butvy,=vy, —» %=0.9 — v,=2.7V

\% A%

b= tih=—-4+——=027mA + 0.018mA = 288 uA

TP 0k 150K
PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 5, Problem 14

Determine the output voltage V, in the circuit of Fig. 5.53.

10 k2
NV L
2 10kQ
20 ki ﬁ‘
s >
2 mA E_ 5 k02 v
1 ;

Figure 5.53 for Prob. 5.14

Chapter 5, Solution 14.

Transform the current source as shown below. Atnode 1,

10-v, v, —-v, A

5 20 10
W\
=

MA——W > .

[

_|._
+
®\.
But v, = 0. Hence 40 - 4v| =v; +2v; -2v, —» 40 ="Tv; - 2v, (1)
At node 2, Vit Vs =V2_V°, v, =0 orv;=-2v, (2)
20 10

From (1) and (2), 40 = -14v, - 2v, —» v, =-2.5V
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Chapter 5, Problem 15

(a). Determine the ratio Vo/is in the op amp circuit of Fig. 5.54.
(b).Evaluate the ratio for Ry =20 kQ, R, =25 kQ, R; = 40 2kOmega$.

(S
(o] | S + L

Figure 5.54
Chapter 5, Solution 15

(a) Let v; be the voltage at the node where the three resistors meet. Applying

KCL at this node gives

. \" VvV, =V Vv

i =—"t+-1—2=vy LY (1)
RZ R3 RZ R3 R3

At the inverting terminal,

. O-v .

L=t visAR @

Combining (1) and (2) leads to

. R R
i 1+&+& _ Y \_/—°:— R +R, +——
R, R, R

(b) For this case,

20x40

‘_’—°=—[20+40+

ij: -92kQ
|

S
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Chapter 5, Problem 16

Obtain ix and Iy in the op amp circuit in Fig. 5.55.

10k
AR
= i .
sk M by
W - :: ——
F‘\""‘Jﬁc'l:-v
TERY {"_:) ZREE
FRQ 2
=

Figure 5.55
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Chapter 5, Solution 16

o.sv() o

Let currents be in mA and resistances be in kQ . At node a,
0.5-v, Vv,-V,

> 1=3v, -V 1
s 10 a Vo )
But
a =V =5 =V —V, :&Va (2)
8+2 8
Substituting (2) into (1) gives
10 8
1=3v,—v, — Vv, =—
8 14
Thus,
i :O'ST_VE*:—INOmA:—M.ZS,uA
i =Yoo Yo Ve g6y, —v,) = 0.6( 2y, —v,) = 2O0x 2 mA=85.71 A
2 10 8 4 14 —
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Chapter 5, Problem 17

Calculate the gain Vo/v; when the switch in Fig. 5.56 is in:
(a) position 1 (b) position 2 (c) position 3

[2 kL2

R
L
o

T

¥ [0 ko2

o

Figure 5.56

Chapter 5, Solution 17.

a G=Yo__"2__'2_ 74
(a) TR
(b) Yoo %0 — 16

\7 5
©) Vo 2000 449

v 5
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* Chapter 5, Problem 18.

For the circuit in Fig. 5.57, find the Thevenin equivalent to the left of terminals a-b.
Then calculate the power absorbed by the 20-kQ resistor. Assume that the op amp is

ideal.
10 kQ

N
2kQ

12 kQ

2mV 8 kQ

<| |>20kQ

Figure 5.57 For Prob. 5.18.
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Chapter 5, Solution 18.
We temporarily remove the 20-kQ resistor. To find V1, we consider the circuit below.

10 kQ

2kQ

L VNI
12 kQ
>_ SN

J’_
2 mV B 8Q Vh

This is an inverting amplifier.

V, = —%(ZmV) =-10mV

To find Ry, we note that the 8-kQ resistor is across the output of the op amp which is
acting like a voltage source so the only resistance seen looking in is the 12-k€ resistor.

The Thevenin equivalent with the 20-kQ resistor is shown below.

12 kQ a

I

20k

-10 mV

I=-10m/(12k + 20k) = 0.3125x10°° A

p=TR=(0.3125x10"°*x20x10’ = 1.9531 nW
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Chapter 5, Problem 19

Determine I, in the circuit of Fig. 5.58.

2 kLl 4 ki [0 kex
M A
!.l'.'
:___E —i=-
(Y = ERN _..:l'
.%_: 5 kL2
Figure 5.58

Chapter 5, Solution 19.
We convert the current source and back to a voltage source.

=3
3
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Chapter 5, Problem 20

In the circuit in Fig. 5.59, calculate v, if vs = 0.

B kid
A i
2 k0
4 kia 4 kL2 '1‘*

>
R

Figure 5.59

Chapter 5, Solution 20.

MW\

=
Q o)

Atnode a,

9-v, v,-Vv, Vv,—-V,

—» 18=5v,—Vv,-2V

V, =V, Vy—V
a4 b = b2 = > va=3v-2v,

But vy, = vs = 0; (2) becomes v, = -2V, and (1) becomes

-18 =-10v, — vo—» v, =-18/(11) = -1.6364V

(1)

2)
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Chapter 5, Problem 21.
Calculate v, in the op amp circuit of Fig. 5.60.

10 kQ
VA VAN
4 kQ

Figure 5.60 For Prob. 5.21.

Chapter 5, Solution 21.

Let the voltage at the input of the op amp be v,.

v, =1V, 3-va:va—vo S 3_-1:1—vO
4k 10k 10
Vo=—4V
Chapter 5, Problem 22

Design an inverting amplifier with a gain of -15.

Chapter 5, Solution 22.

AV:‘Rf/Ri = -15.
If R;=10kQ, then Ry = 150 kQ.

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 5, Problem 23

For the op amp circuit in Fig. 5.61, find the voltage gain Vo/Vs.

R
ARG,
Ry
AARS
o
. ¥
K, =
% 22 5,
= ©
Figure 5.61
Chapter 5, Solution 23
At the inverting terminal, v=0 so that KCL gives
v,-0 0 0-v, v, Ry
R, 2 Ry Ve R,
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Chapter 5, Problem 24
In the circuit shown in Fig. 5.62, find K in the voltage transfer function v, = kvs.

R,
R o \E-f s
1-.3-;:.' 5‘5_ '.".-'-.I::- -
ﬂ
i Tl +
K. JI-E\-/__';" H.} B
I 0
Figure 5.62

Chapter 5, Solution 24

Vi AN

R, R,
- Vo + -
O +
_l’_
R4
R; Vo
V2 -
We notice that v; =v,. Applying KCL atnode 1 gives  _|
V—1+(V‘_VS)+V‘_V0 =0 — i+L+L vl—V—S:V—0 (1)
R1 R2 Rf R1 R2 Rf R2 Rf
Applying KCL at node 2 gives
vV, V-V R
Lyl o) — oy =—2 2)
R, R, R, +R,

Substitut_ing (2) into (1) yields

v er || B R R R T
° "R, R, R,\R,+R,) R,|°

1.€.

(R |[R R _Rs (R_jL
= Ry
R, R, R, \R+R,) R,
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Chapter 5, Problem 25.

Calculate v, in the op amp circuit of Fig. 5.63.

12 kQ

N
-

2V 20 kQ Vo

Figure 5.63 For Prob. 5.25.

Chapter 5, Solution 25.
This is a voltage follower. If v, is the output of the op amp,
A\ 2V

20k

v=— 2K =205 05y
20k+12k ' 32
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Chapter 5, Problem 26

Determine I, in the circuit of Fig. 5.64.

B>
- * i,
BAV C::} | s, S S

§kE) =

Figure 5.64

Chapter 5, Solution 26

Vb > l io
+ +
J/L
O.4V<> 5kQ
- 2k Q Vo
8kQ
v, =04= Lvo =08, — v,=04/08=05V
8+2
Hence,
v .
I, =—°=E=O.lmA
5k 5k
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Chapter 5, Problem 27.

Find v, in the op amp circuit in Fig. 5.65.

160 N
AN ﬁ\>_ V2 RN

5V
24Q 120 Vo

Figure 5.65 For Prob. 5.27.

Chapter 5, Solution 27.

This is a voltage follower.

24
v,=—5)=3V, Vv,=Vv,=3V
! 24+16() 2
v, :L(BV):LB V
12+ 8 -
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Chapter 5, Problem 28
Find i, in the op amp circuit of Fig. 5.66.

50 k0
A
o #
s s
Sile S C_f 04V = 20kQ
Figure 5.66

Chapter 5, Solution 28.

MW\

0— _
Atnode 1, Vi MY
10k 50k
Butv; =04V,
-5vi = Vi — V,, leads to Vo = 6v; =2.4V

Alternatively, viewed as a noninverting amplifier,
Vo = (1 +(50/10)) (0.4V) =2.4V
1o = Vo/(20k) = 2.4/(20k) = 120 uA
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Chapter 5, Problem 29

Determine the voltage gain Vo/V; of the op amp circuit in Fig. 5.67.

R,

@ e

Iy
Figure 5.67
Chapter 5, Solution 29
2 VN Va
+
Vb - +
+ J\/L
Vi <> R R2 Vo
- R
R R
a— 2 i’ Vb = 1 o}
R, +R, R, +R,
R2 Rl
But Va :Vb i = o]
R, +R, R, +R,
Or
Vo _ RZ
Vi Rl
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Chapter 5, Problem 30

In the circuit shown in Fig. 5.68, find ix and the power absorbed by the 20-Q resistor.

o 60 kO
N A\
1.2V 30 kL2 :‘% %
Figure 5.68
Chapter 5, Solution 30.
The output of the voltage becomes
Vo=vVvi=12
30/20 =12k
By voltage division,
v, = L(l.z) =0.2V
12+ 60
\% 0.2
i, =——=——=10pA
20k 20k
vi 0.04
R 20k
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Chapter 5, Problem 31

For the circuit in Fig. 5.69, find ix.

|2 kL
M
G kil
‘& t
4 mA D EEHJ__? gi:kil
Figure 5.69

Chapter 5, Solution 31.

After converting the current source to a voltage source, the circuit is as shown below:

MW\

AMA—— W\, +
1

=

Atnode 1,
12— - -
BN T e BT e 48 =Tvi-3v,
3 6 12
Atnode 2,
v,—-v, v,—-0 .
= =i, —» v =2v,
6 6
From (1) and (2),
48
vV, =—
11

Y]

1, =—"=727.2pA
o6k

(D

)
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Chapter 5, Problem 32

Calculate Iy and V, in the circuit of Fig. 5.70. Find the power dissipated by the 60-kQ
resistor.

fr 20k0
+ AR
A .
q .
amv (&) Sk 60 k2 g 30 k02 :'3' v,
-;’ 10 k2 B
Figure 5.70

Chapter 5, Solution 32.

Let v4 = the voltage at the output of the op amp. The given circuit is a non-inverting
amplifier.

v, = [1+%} (4 mV)=24mV
60[30 = 20kQ

By voltage division,
20 Vy

Vo= ———— V4 =— =12mV
20+20 2
_ v, _ 24mV — 600nA
(20+20k 40k T
2 -6
p= Yo 1410 T Hpamw
R 60x10
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Chapter 5, Problem 33
Refer to the op amp circuit in Fig. 5.71. Calculate ix and the power dissipated by the 3-

kQ resistor.

| kL2
S
;
! # *
3 R
[ mA é 4 kL2 f‘: 2 ki :‘EE 3 kil
Figure 5.71

Chapter 5, Solution 33.
After transforming the current source, the current is as shown below:

This is a noninverting amplifier.

1 3
v, =|1+=|v, ==V,
o33

Since the current entering the op amp is 0, the source resistor has a OV potential drop.
Hence v; =4V.

3
v, =—(4)=6V
0 =5

Power dissipated by the 3kQ2 resistor is

2
Yo 230 omw
R 3k
i _Va—V, _4-6_ 2mA
R 1k
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Chapter 5, Problem 34.

Given the op amp circuit shown in Fig. 5.72, express V, in terms of v; and V.

HI
. i
f..l o—"/iN "
Ry Ny !
L AR fﬁk
=
L -
%
Figure 5.72
Chapter 5, Solution 34
VI_Vin_i_Vl_Vin =0 (1)
R, R,
but
R
Va = —3Vo (2)
R3 + R4
Combining (1) and (2),
R R
V] =V, +—1V2 ——lva =0
R R,
R
Va[l-i-—lj =V +—1V2
2 R,

. R3 +R4

= ————(ViRy +vy)
R3(R;+Ryp)

Vo
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Chapter 5, Problem 35

Design a non-inverting amplifier with a gain of 10.

Chapter 5, Solution 35.

R
A, =0 =1+—L =10 —» Ry=9R;
V. R.

1 1

If Rj=10kQ, Ry=90kQ
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Chapter 5, Problem 36

For the circuit shown in Fig. 5.73, find the Thévenin equivalent at terminals a-b.
(Hint: To find Ry, apply a current source i, and calculate V,.)

& Ci) H*

=
G b
Figure 5.73
Chapter 5, Solution 36
Vi, =Vy
Rl
But v, =———V,,. Thus,
R, +R,
R, +R R
Vo =V, =—"1—2v =(1+=2)
Th ab R1 S ( Rl) S

To get R, apply a current source I, at terminals a-b as shown below.

Vi

V2 - a

Vo 1o
R

b

Since the noninverting terminal is connected to ground, v; = v, =0, i.e. no current passes
through R; and consequently R, . Thus, v,=0 and

vV
Ry, =% =0

0
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Chapter 5, Problem 37

Determine the output of the summing amplifier in Fig. 5.74.

L

10 kO
WA 30 ki

Q)

+

[
=

20 k&2

I
Q)

:
.
)

e
<

1]
=

A0 ki

I
@
:
|||—o|

Figure 5.74

Chapter 5, Solution 37.

Rf Rf Rf
Vo= —V,+—V, +—V,
Rl R2 R3

30 30 30
= —[B 1)+ %(2) 20 (—3)}

Vo =3V
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Chapter 5, Problem 38
Calculate the output voltage due to the summing amplifier shown in Fig. 5.75.

[0 mVY

- 25 kO
&
20mV 510 _1__—4- N
—®&—w - |
= %
S00mY
- 10 k2 ANy -
I @ A 50 kQ i
”1?_'111'" 50 k2
e
Figure 5.75
Chapter 5, Solution 38.
Rf Rf Rf Rf
Vo= —V,+—V, +—V;+—V,
R, R, R, R,

50 50 50 50
= {2—5(10) +25 (200 +75(50) +%(—100)}

= -120mV
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Chapter 5, Problem 39

For the op amp circuit in Fig. 5.76, determine the value of v, in order to make

Vo=-16.5V.
[0 g Ly e
+3 W O\ A
21 k§E
o O ! ! {;>
G
i ESE I
-1¥ 0 AL
Figure 5.76

Chapter 5, Solution 39

This is a summing amplifier.

R 50 50 50
Vv, = —(—vl +—V, +—v3] = —(E(Z) +2—0v2 +%(—1)) =-9-2.5v,

Thus,

V,=-165=-9-25, ——> v,=3V
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Chapter 5, Problem 40.

Find v, in terms of vi, v,, and vs, in the circuit of Fig. 5.77.

Figure 5.77 For Prob. 5.40.

Chapter 5, Solution 40.
Applying KCL at node a, where node a is the input to the op amp.

Vi —Va +V2 — Vg, +V3—Va

=0 or v,=(vi +va+w3)/3
R R R Vi+v2tvs)

Vo = (1 + Rl/Rz)Va = (1 + R]/Rz)(V1 + vy + V})ﬁ.
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Chapter 5, Problem 41

An averaging amplifier is a summer that provides an output equal to the average of the
inputs. By using proper input and feedback resistor values, one can get

1
~Vour = Z(Vl TV, +V, +V4)
Using a feedback resistor of 10 kQ, design an averaging amplifier with four inputs.
Chapter 5, Solution 41.
R¢/R;=1/(4) —» R;=4R;=40kQ

The averaging amplifier is as shown below:

£z :=

Chapter 5, Problem 42

A three-input summing amplifier has input resistors with R; = R, = R3 = 30 kQ.
To produce an averaging amplifier, what value of feedback resistor is needed?

Chapter 5, Solution 42

R¢ :%R1 =10kQ
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Chapter 5, Problem 43

A four-input summing amplifier has R; = R, = R3; = R4 = 12 kQ. What value of feedback
resistor is needed to make it an averaging amplifier?

Chapter 5, Solution 43.

In order for

Rf Rf Rf Rf
Vo= —V,+—V,+—V; +—V,
R, R, R, R,

to become
1
VO=—Z(V1+V2+V3+V4)
&:l — Rf=&:2=3k
R, 4 4 4
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Chapter 5, Problem 44
Show that the output voltage Vv, of the circuit in Fig. 5.78 is
(R, +R,)

v,=—F7——~=(R,v, + RV
(o] R3(R1+R2)( 271 1 2)
Ry
dHEnY
Ry
J__ Wﬂ - g}
- RI — ]
VO Ay +
R,
vy AN —]
Figure 5.78
Chapter 5, Solution 44.
"V
_|_’\/\/\/
N
aAY e
Vi, V2
Atnodeb, Vi Vo=Va o » Ry Ry (1)
1 RZ L_}.L
Rl RZ
O-v, v, —-v \%
Atnode a, f=t—2 — vV, = (2)
3 R4 1+R4/R3

But v, = vi,. We set (1) and (2) equal.

Vo _ R2V1 +R1V2
1+R4/R3 Rl +R2

or

(0]

(R3 R4)
Rovi+Ryv
R3(R1+R2)( 27 ! 2)
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Chapter 5, Problem 45
Design an op amp circuit to perform the following operation:
Vo =3V -2V,

All resistances must be < 100 kQ.

Chapter 5, Solution 45.

This can be achieved as follows:

Vo = (v )
° R/3° " R/2

:{&+wp5u4

R, R,

1.e. Rf: R, R] = N3, and R2 =R/2

Thus we need an inverter to invert v;, and a summer, as shown below (R<100kQ).
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Chapter 5, Problem 46

Using only two op amps, design a circuit to solve

Chapter 5, Solution 46.

v, 1 1 R, R, R,
-V =—+4+—(-V,)+—Vv, =—V, + —-V,)+—V
R LRORE A T h i B2
i.e. R3=2Rg, R; =R, =3R: To get -v,, we need an inverter with Rg=R;. If Rg= 10kQ,
a solution is given below.

M Vv 10 kO

30 kQ A
W= A

- —W— >
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Chapter 5, Problem 47.

The circuit in Fig. 5.79 is for a difference amplifier. Find v, given that vi =1V and v, =
2V.
30 kQ
N

2kQ

Vi

20 kQ

Figure 5.79 For Prob. 5.47.

Chapter 5, Solution 47.

Using eq. (5.18), R, =2kQ, R, =30kQ, R, =2kQ, R, =20kQ
- 3001+ 2/30)\/2 _ﬁvl _ 2(2)_15(]):14_09 Vi
21+ 2/20) 2 2.2
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Chapter 5, Problem 48

The circuit in Fig. 5.80 is a differential amplifier driven by a bridge. Find vo.

20 kO B0 kil
My Aty

30 ki
..

20 kL
= &0 ki1

1

=5 mV

Figure 5.80
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Chapter 5, Solution 48.

We can break this problem up into parts. The 5 mV source separates the lower circuit
from the upper. In addition, there is no current flowing into the input of the op amp
which means we now have the 40-kohm resistor in series with a parallel combination of
the 60-kohm resistor and the equivalent 100-kohm resistor.

20 k&2 B0 KLz
SN S
30 ki

[0 kL2

F5mV :I%—G v,
G kL2
Y
0ke L
*i.isn k€2
Thus, 40k + (60x100k)/(160) = 77.5k

which leads to the current flowing through this part of the circuit,
i=5m/77.5k = 6.452x10°°

The voltage across the 60k and equivalent 100k is equal to,
v =1x37.5k =2.419mV

We can now calculate the voltage across the 80-kohm resistor.
vgo = 0.8x2.419m = 1.9352mV

which is also the voltage at both inputs of the op amp and the voltage between the 20-
kohm and 80-kohm resistors in the upper circuit. Let v; be the voltage to the left of the
20-kohm resistor of the upper circuit and we can write a node equation at that node.

(vi=5Sm)/(10Kk) + v1/30k + (vi—1.9352m)/20k = 0
or 6vy —30m + 2v; +3v; —5.806m =0
or vy =35.806m/11 =3.255mV

The current through the 20k-ohm resistor, left to right, is,
120 = (3.255m-1.9352m)/20k = 6.599x10°° A

thus, Vo = 1.9352m — 6.599x10*x80k
=1.9352m —5.2792m = -3.344 mV.
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Chapter 5, Problem 49

Design a difference amplifier to have a gain of 2 and a common mode input resistance of
10 kQ at each input.

Chapter 5, Solution 49.
R; =R3=10kQ, Ry/(R)) =2
ie. Ry=2R;=20kQ =Ry

_R,1+R,/R, R,

Verify: v,
R, 1+R,/R,

(1+0.5)
= 2mV2 —2V1 = 2(V2 _Vl)

ThUS, R] = R3 = IOkQ, R2 = R4 =20kQ

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 5, Problem 50

Design a circuit to amplify the difference between two inputs by 2.
(a) Use only one op amp.

(b) Use two op amps.

Chapter 5, Solution 50.
(a) We use a difference amplifier, as shown below:

MA—T"W\

>_

W

v, = %(V2 -V, ) = Z(V2 -V, ), 1.e. Ry/R; =2
1

If R] = 10 kQ then R2: 20kQ2

(b) We may apply the idea in Prob. 5.35.
vV, =2v,—2v,

:_[L(_V L }
R/2° " R/2

:{&(_wp&vz}

1{1 RZ
1.€. Rf: R, R1 =RN2= Rz

We need an inverter to invert v; and a summer, as shown below. We may let R = 10kQ2.

W\

— %_>_
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Chapter 5, Problem 51

Using two op amps, design a subtractor.

Chapter 5, Solution 51.

We achieve this by cascading an inverting amplifier and two-input inverting summer as
shown below:

Verity:

Vo =-Va-V3
But v, = -vi. Hence
Vo = V1 - Vao.
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Chapter 5, Problem 52
Design an op amp circuit such that
Vo=-2Vi +4v; - 5v3 - vy

Let all the resistors be in the range of 5 to 100 k€.

Chapter 5, Solution 52

A summing amplifier shown below will achieve the objective. An inverter is inserted to
invert vo. Let R=10kQ.

R2 R
M4 VAN YA VA N
R/5
VA N
V3 -
+ L Vo

V4 AB
R

V2 YA VAN
- R/4

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 5, Problem 53

The ordinary difference amplifier for fixed-gain operation is shown in Fig. 5.81(a). It is
simple and reliable unless gain is made variable. One way of providing gain adjustment
without losing simplicity and accuracy is to use the circuit in Fig. 5.81(b). Another way is
to use the circuit in Fig. 5.81(c). Show that:

(a) for the circuit in Fig. 5.81(a),

A &
v, R,

(b) for the circuit in Fig. 5.81(b),

v, R, 1

Rl 1+&
2R,

(c) for the circuit in Fig. 5.81(c),

Yo _Ry 1+ R,
v, R | 2R,
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Figure 5.81
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Chapter 5, Solution 53.

(a)
M M\
>_
M M\
Atnode a,
Vi—Ve V.V, v, = R,v, +R,v, (0
R, R, R, +R,
R2

Atnode b, \ v, (2)

" R,+R,

But v, = vi,. Setting (1) and (2) equal gives

R, R,v,+R,v,
V2 =
R, +R, R, +R,
1{l
V, =V, =—V_ =V,
RZ
o __ RZ
i Rl
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(b)

v M\ M -

§ +
YA
At node A, VimVa Ve 7Va _ Va7 Va
R,/2 R, R,/2
R
or VI_VA+_1(VB_VA)=VA_Va (1)
2R,
At node B, Vo~V Ve Va Ve T Ve
R,/2 R,/2 R,
R
or Vo=V == (Vg =V, ) =V -V, (2)
2R,
Subtracting (1) from (2),
2R,
V2_VI_VB+VA_K(VB_VA):VB_VA_Vb+Va
g
Since, Vi = Vp,
vV, =V, R, \7
=l l+—|lvg =V, )=—
2 2R, (va=va) 2
V. 1
R R 3
or Vg = Va ) R, 3)
1+
2R
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But for the difference amplifier,

R,/2
Rl
or Ve —V, = A 4
B A 2R2 o ()
R V. 1
Equating (3) and (4), Ly =—1.
quating (3) ()2R20 2 R,
+
2R,
v, R, 1
PRy R,
2R
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() At node a, T2 _ e
R, R,/2
2R 2R
Vl_Va = 1Va_ 1VA (1)
R2 R2
2R 2R
Atnodeb, v,-v,=—"1v,——1v, ()
R2 R2

Since v, = vy, we subtract (1) from (2),

—-2R V.
Vz_Vl:—](VB_VA):_1
5 2
-R,
or Vo —V, = V. 3
B A 2R1 i ()
At node A,
VamVa , Ve =Va _ ViV,
R,/2 Rg R/2
R
Va_VA+_2(VB_VA):VA_Vo 4)
ZRg
At node B, Vo " Ve VB T Va =VB_0
R/2 R, R/2
R
Vb_VB_2R2 (VB_VA)=VB (%)

Subtracting (5) from (4),

Ve=Va +R_2(VB_VA): Va—Vp™V

R, |_
2(VB—VA>(1+2R ]— A (0)

\ :& 1+ R,
v, R, 2R,
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Chapter 5, Problem 54.

Determine the voltage transfer ratio v,/vs in the op amp circuit of Fig. 5.82,
where R =10 kQ.

R
R
R
+ - I
+
+
VA VAN
Vs R
Vo
R

Figure 5.82 For Prob. 5.54.

Chapter 5, Solution 54.
The first stage is a summer (please note that we let the output of the first stage be v;).

The second stage is a noninverting amplifier
Vo= (1 + R/R)vi = 2v; = 2(=Vs — Vo) OF 3V, =2V,

Vo/vs = —0.6667.
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Chapter 5, Problem 55

In a certain electronic device, a three-stage amplifier is desired, whose overall voltage
gain is 42 dB. The individual voltage gains of the first two stages are to be equal, while
the gain of the third is to be one-fourth of each of the first two. Calculate the voltage gain
of each.

Chapter 5, Solution 55.

Let A =k, Ay =k, and A; =k/(4)
A=A AA; =K/(4)

20Log,,A = 42
Log,A=21—> A=10""=125.89
k’=4A =503.57
k = 3/503.57 =7.956

Thus A=A, =7.956, A; = 1.989

Chapter 5, Problem 56.

Calculate the gain of the op amp circuit shown in Fig. 5.83.

10 kQ 40 kQ

1 kQ

; R AR
>

Vi

i/

Figure 5.83 For Prob. 5.56.

Chapter 5, Solution 56.
Each stage is an inverting amplifier. Hence.

\Y; 10, 40
20 (X)) (-2XHY=20
A ( 1)( 20) -
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Chapter 5, Problem 57.

Find v, in the op amp circuit of Fig. 5.84.

25kQ 50 kQ 100 kQ 100 kQ
AR VA N A VA N4 VA N \
— Vo
50 kQ 100 kQ

T § 50 kQ
Vs2

Figure 5.84 For Prob. 5.57.

Chapter 5, Solution 57.
Let v, be the output of the first op amp and v, be the output of the second op amp.

The first stage is an inverting amplifier.
50

25 Vsl
The second state is a summer.

vV, = = _2V51

v2 = —(100/50)vg> — (100/100)v; = —2vyy + 2v¢;

The third state is a noninverting amplifier

100
v, =@+ E)v2 =3V, =6v, -6V,
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Chapter 5, Problem 58

Calculate iy in the op amp circuit of Fig. 5.85.

[0 kil
—
| k(2 > 2 kid
ITE -
- 5 k0 t ?
- - {I
L AN i
06V P =
:: 3 ki f: 4 kL2
L

Figure 5.85

Chapter 5, Solution 58.

Looking at the circuit, the voltage at the right side of the 5-kQ resistor must be at OV if
the op amps are working correctly. Thus the 1-kQ is in series with the parallel
combination of the 3-kQ and the 5-kQ. By voltage division, the input to the voltage
follower is:

”3” (0.6) = 0.3913V = to the output of the first op amp.

Thus
Vo =—10((0.3913/5)+(0.3913/2)) = -2.739 V.

i 297V | 0.6848 mA
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Chapter 5, Problem 59.

In the op amp circuit of Fig. 5.86, determine the voltage gain v,/vs. Take R =10 kQ.

2R 4R
A VAN A VAN
_/\&\ R
+ - L
+ +
VS VO

Figure 5.86 For Prob. 5.59.

Chapter 5, Solution 59.

The first stage is a noninverting amplifier. If v is the output of the first op amp,
vi = (1 + 2R/R)vs = 3v,

The second stage is an inverting amplifier

Vo =—(4R/R)v| = —4v| = —4(3vy) = —12v;

Vo/vs ==12.
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Chapter 5, Problem 60.

Calculate v,/v; in the op amp circuit in Fig. 5.87.

4 kQ
10 kQ
VA VAN
5kQd
+
Vi P + [
+
— _ VA VANEE
Vo
2 kQ
10 kQ —

Figure 5.87 For Prob. 5.60.

Chapter 5, Solution 60.
The first stage is a summer. Let V| be the output of the first stage.

vV, =——V, —?vo —> Vv, =-2Vv,-2.5V (1)

By voltage division,

10 5
V, = vV, =—V 2
' 1042 ° 6 °° @
Combining (1) and (2),
5 10

gv():—2v1—2.5vO —> ?V0=—2V4

Vo _ _6/10=-06
V.
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Chapter 5, Problem 61.
Determine v, in the circuit of Fig. 5.88.

20 kQ 10 kQ 40 kQ
0 N (V)Y VA NIV VA NI

04V 10 kQ 20 kQ

A VAN \
> L |

Figure 5.88 For Prob. 5.61.

Chapter 5, Solution 61.

The first op amp is an inverter. If v, is the output of the first op amp,

200
V, = ———(0.4)=-0.8V
1=~ 10004

The second op amp is a summer

v, =2%02-%0g)-08+16-2.4V
10 20
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Chapter 5, Problem 62

Obtain the closed-loop voltage gain Vo/v; of the circuit in Fig. 5.89.

- |
¥i = Ry ¥

<

1

Figure 5.89
Chapter 5, Solution 62.

Let v; = output of the first op amp
v, = output of the second op amp

The first stage is a summer

v moaZy _ iy (1)

0 2)

From (1) and (2),

R R R
l+—=|v, =——2v, ——2v,
R, R, ' R,

R R R
(1+—3+—2)V0 =——2v,

. R

V0 _ R2 ) 1 —R2R4Rf

1R Ro Rj(RyR4 +R3R¢ +R4Ry)

R, R;
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Chapter 5, Problem 63

Determine the gain Vy/v; of the circuit in Fig. 5.90.

Ry

Figure 5.90

Chapter 5, Solution 63.

The two op amps are summers. Let v; be the output of the first op amp. For the first
stage,

R R
v =2y, -2, (1)
Rl R3

For the second stage,

R R
Vo =——tv -y, )
Rj; R
Combining (1) and (2),

Vo :& & V1+& & Vo _gvl
RS l{1 RS R3 R6

v (1_ R2R4 J — [R2R4 _&jv'
° R3R5 RIRS R6

RoRy Ry
Yo _ RiRs Rg
R3Rs
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Chapter 5, Problem 64

For the op amp circuit shown in Fig. 5.91, find vy/vs.

)

v
o

! )
Figure 5.91
Chapter 5, Solution 64
AN
~G A G;
A VA NI
G,

1 G 2

, IAVANEE
+ 0V v 0 +
%) - ~R Yo

- ) -

Atnode 1, v;=0 so that KCL gives

Gyv, +G,v, =-Gv (1)
Atnode 2,

G,v, +G,v, =-Gv 2)
From (1) and (2),

les +G4Vo = szs +G3Vo —_— (Gl _Gz)vs = (GS _G4 )Vo

or
Vo G, -G,

0

v, G;-G,
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Chapter 5, Problem 65

Find Vv, in the op amp circuit of Fig. 5.92.

kL) 374

uﬁv'.".i::\
y 10 KER F ;
WY

iy f.)

| o

Figure 5.92

Chapter 5, Solution 65

The output of the first op amp (to the left) is 6 mV. The second op amp is an inverter so
that its output is

0

v '=—%(6mV)=—18mV

The third op amp is a noninverter so that

vo':iv0 — vozﬁvo'z—zlﬁmv
40+8 40 °
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Chapter 5, Problem 66

For the circuit in Fig. 5.93, find v,.

25 k2

L}

40 kL2 00 kL2

Figure 5.93

Chapter 5, Solution 66.

~100, . 100( 40 .. 100
- 6)— D _ 24 19
Vo="p5 (© 20( 20)() 0@

=-24+40-20=_-4V
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Chapter 5, Problem 67
Obtain the output V, in the circuit of Fig. 5.94.

B0 kL2 S0 kLl

Figure 5.94
Chapter 5, Solution 67.
80( 80 80
Vo= ——| ——1(0.2) ——(0.2
40( 20)( ) 20( )
=32-0.8=24V
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Chapter 5, Problem 68.

Find Vv, in the circuit in Fig. 5.95, assuming that R; = ©© (open circuit).

Ry
L
5 ko2
5 ki
— A — ™
A —
10 mY @) L 6k} 5 f*_% | ki
2 kQ % -7
Figure 5.95

Chapter 5, Solution 68.

If Ry = oo, the first stage is an inverter.
V, = —%(IO) =-30mV

when V, is the output of the first op amp.

The second stage is a noninverting amplifier.

v, = (1 + gjva = (1+3)(=30) =-120mV
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Chapter 5, Problem 69

Repeat the previous problem if Rf = 10 kQ.

5.68 Find v in the circuit in Fig. 5.93, assuming that R = ©© (open circuit).

R
Ay
15 ke

5 kil
—A i — +
A —
[0 mY G__) | 6ki) ¥ f‘é | kix
rq .-
] kS
Figure 5.93

Chapter 5, Solution 69.
In this case, the first stage is a summer

v, = —E(IO) —EV0 =-30-1.5v,
5 10

For the second stage,

v, (l+gjva =4y, =4(-30-1.5v,)

Tv,=-120 5 v, :—@: -17.143mV
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Chapter 5, Problem 70

Determine V, in the op amp circuit of Fig. 5.96.

30 kLl 40 k@
ity A
10 kG2 A
: 20 ke C

Gl kLl
= 10kL2 2 10kD
=

:
__é

20 kL2 —

:

= l0kLz B

v

]

= l0kL:

4V

i

Figure 5.96
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Chapter 5, Solution 70.

The output of amplifier A is

30 30
= (1)-22(2)=-9
VA 10() 1O()

The output of amplifier B is

20 20
=——03)-——@)=-14
Vs 10() 10()

=

~ 10
60+10

Vi (-14) =2V

Vo=V, V, -V

Atnode a, =1 0
20

But v, = vy =-2V, 2(-9+2) = -2-v,
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Chapter 5, Problem 71

Determine V, in the op amp circuit in Fig. 5.97.

e ke
A 170 ke
d-ﬂ LEs romm
n WA
3 Bl gk
H ]
. = 10K —A + g
=
:*; 20 k&2 e
100 k€2 S
b5 i 4‘;. | —
¥ Wi e
v (2 J A
G kg £ 2
i
-

Figure 5.97
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Chapter 5, Solution 71

h%Ok.Q

5kQ 100k Q
A VAN
- 40k Q
+ Y VA N
+ | \%)
2V () 80k Q - I
- 10kQ +
Vo
- 20k Q
) M
+ V1 + -
_— - V3
y RYAYAE
3V <> 50kQ
- 30kQ

20 50
vV, =3, v, :—?(2):—8, v, :(l+3—0)vl =38

v, =199, 190 A _r0410)=10
40 80
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Chapter 5, Problem 72
Find the load voltage v, in the circuit of Fig. 5.98.

100 kL2 250 kax
Ay,

Figure 5.98
Chapter 5, Solution 72.

Since no current flows into the input terminals of ideal op amp, there is no voltage drop

across the 20 kQ resistor. As a voltage summer, the output of the first op amp is
Vo1 = 04

The second stage is an inverter

=-2.5(0.4)= -1V

Chapter 5, Problem 73
Determine the load voltage v| in the circuit of Fig. 5.99.
50 kO

[0 kL2
Ay =

M
=

4 kL2

Figure 5.99
Chapter 5, Solution 73.

The first stage is an inverter. The output is
Vo1 = —%(—1.8) +1.8=10.8V

The second stage is
v, =v, =10.8V
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Chapter 5, Problem 74

Find i, in the op amp circuit of Fig. 5.100.

100 k2 32 kL)

10 k2 l.6 kL2

0.6W 04V

Figure 5.100

Chapter 5, Solution 74.

Let v; = output of the first op amp
v, = input of the second op amp.

The two sub-circuits are inverting amplifiers

v, = —%(0.6) =6V

v, = —%(0.4) =8V

ViV,  —6+8

1 = =

100 pA
° 20k 20k
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Chapter 5, Problem 75
Rework Example 5.11 using the nonideal op amp LM324 instead of uA741.

Example 5.11 - Use PSpice to solve the op amp circuit for Example 5.1.

Figure 534 Schematic for Example 5.11.
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Chapter 5, Solution 75.

The schematic is shown below. Pseudo-components VIEWPOINT and IPROBE are
involved as shown to measure v, and i respectively. Once the circuit is saved, we click
Analysis | Simulate. The values of v and i are displayed on the pseudo-components as:

1 = 200 pA

(Vo/vs) = -4/2= =2

The results are slightly different than those obtained in Example 5.11.

-150.75uV
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Chapter 5, Problem 76

Solve Prob. 5.19 using PSpice and op amp uA741.

5.19 Determine i, in the circuit of Fig. 5.57.

2 kLl 4 ki [0 kex
M A
!.l'.'
:___E —i-
(Y = ERN _..:l'
.%_: 5 kL2

Figure 5.57
Chapter 5, Solution 76.

The schematic is shown below. IPROBE is inserted to measure i,. Upon simulation, the
value of 1, is displayed on IPROBE as

1, = -374.78 pA

R1 R2

AN A

ATAY My
M 25 somy
1 R _&.:4 k:

T l

L ]

L
A
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Chapter 5, Problem 77
Solve Prob. 5.48 using PSpice and op amp LM324.

5.48 The circuit in Fig. 5.78 is a differential amplifier driven by a bridge. Find v,.

20 kO B0 kil
My Aty

30 ki
..

20 kL
= &0 ki1

1

=5 mV

Figure 5.78
Chapter 5, Solution 77.
The schematic for the PSpice solution is shown below.

Note that the output voltage, —=3.343 mV, agrees with the answer to problem, 5.48.

R7
20k —| i
Ayl
R RE
B26mt
W 2.9 m
ooosy _ | o

20k
RS

20k

— 40—
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Chapter 5, Problem 78
Use PSpice to obtain V, in the circuit of Fig. 5.101.

[0 kLR 20 ki 30 ki 40 ke
—M Wy

P>
@

Figure 5.101
Chapter 5, Solution 78.

The circuit is constructed as shown below. We insert a VIEWPOINT to display v,
Upon simulating the circuit, we obtain,

Vo = 6067.75 mV

+| V3
18V ——
667.75mV “17
0
____15V
V4 |+

40k
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Chapter 5, Problem 79
Determine V, in the op amp circuit of Fig. 5.102 using PSpice.

20 kL2 [0 kL2
SV =
:5_ 100 kL2 _
20 kL) [0ki2 40k i
Y

Figure 5.102
Chapter 5, Solution 79.

The schematic is shown below. A pseudo-component VIEWPOINT is inserted to display
Vo. After saving and simulating the circuit, we obtain,

Vo = -14.61V
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Chapter 5, Problem 80.
Use PSpice to solve Prob. 5.61.

Chapter 5, Solution 80.

The schematic is as shown below. After it is saved and simulated, we obtain

vo=24V.

1oy
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Chapter 5, Problem 81
Use PSpice to verify the results in Example 5.9. Assume nonideal op amps LM324.

Example 5.9 - Determine vo and i0 in the op amp circuit in Fig. 5.30.
Answer: 10 V, 1 mA.

I +

4V C_) 6 kil [

S T ) . 3
FI(::')lII g 2.3l For Practice Proh, 5.9,

Chapter 5, Solution 81.

The schematic is shown below. We insert one VIEWPOINT and one IPROBE to
measure v, and i, respectively. Upon saving and simulating the circuit, we obtain,

Vo = 343.4 mV
i, = 24.51 pA
15V =
3 [ TU1A :
o vs V'> 0
20m—=
M= 2| W
LM324 L
=15V
LYICH
R1
R2
ok NS
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Chapter 5, Problem 82

A five-bit DAC covers a voltage range of 0 to 7.75 V. Calculate how much voltage each
bit is worth.

Chapter 5, Solution 82.
The maximum voltage level corresponds to
1111 =2~ 1 = 31

Hence, each bit is worth (7.75/31) = 250 mV

Chapter 5, Problem 83
Design a six-bit digital-to-analog converter.

(a) If [Vo| = 1.1875 V is desired, what should [VV,V3V4V5Vs] be?

(b) Calculate |V,| if [V1V2V3V4VsV] = [011011].

(c) What is the maximum value |V,| can assume?
Chapter 5, Solution 83.
The result depends on your design. Hence, let Rg = 10 k ohms, R; = 10 k ohms, R, =
20 k ohms, R; = 40 k ohms, R4 = 80 k ohms, Rs = 160 k ohms, R¢ = 320 k ohms,
then,

Vo = (Rf/Rl)V] B + (Rf/Ré)V6
=v;+0.5v, +0.25v3 + 0.125v4 + 0.0625vs + 0.03125v,
(a) [Vo| =1.1875 = 1+0.125+0.0625 = 1 + (1/8) + (1/16) which implies,
[Vi V2 vavavsvg] = [100110]

(b)  [vo|= O+ (1/2) + (1/4) + 0 + (1/16) + (1/32) = (27/32) = 843.75 mV

() This corresponds to[1 1 111 1].

Vol = 1+ (1/2) + (1/4) + (1/8) + (1/16) + (1/32) = 63/32 = 1.96875 V
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Chapter 5, Problem 84
A four-bit R-2R ladder DAC is presented in Fig. 5.103.

(a) Show that the output voltage is given by

_Vo:Rf i+v_2+v_3+v_4
2R 4R 8R 16R

(b) If Rf = 12 kQ and R = 10 kQ, find |V| for [V{VaV3Va] = [1011] and [V;V2V5V4] =
[0101].

Figure 5.103
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Chapter 5, Solution 84.

For (a), the process of the proof is time consuming and the results are only approximate,
but close enough for the applications where this device is used.

(a)

The easiest way to solve this problem is to use superposition and to solve
for each term letting all of the corresponding voltages be equal to zero.
Also, starting with each current contribution (ix) equal to one amp and
working backwards is easiest.

WN—T" W7 VWN—7F""W\

VW

For the first case, letv, = v3 = v4 = 0,and1; = 1A.

Therefore, vi = 2R volts ori; = v/(2R).

Second case, let vy = v3 = v4 = 0,and 1, = 1A.

Therefore, vy, = 85R/21 volts ori; = 21v,/(85R). Clearly this is not
(1/4™), so where is the difference? (21/85) = 0.247 which is a really
good approximation for 0.25. Since this is a practical electronic circuit,
the result is good enough for all practical purposes.

Now for the third case, let vi = v, = v4 = 0,and i3 = 1A.
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Therefore, vy = 8.5R volts oriz = v3/(8.5R). Clearly this is not
(1/8th), so where is the difference? (1/8.5) = 0.11765 which is a really
good approximation for 0.125. Since this is a practical electronic circuit,
the result is good enough for all practical purposes.

Finally, for the fourth case, letv; = v, = v4 = 0,and i3 = 1A.
Therefore, vy = 16.25R volts or iy = v4/(16.25R). Clearly this is not
(1/16™), so where is the difference? (1/16.25) = 0.06154 which is a
really good approximation for 0.0625. Since this is a practical electronic
circuit, the result is good enough for all practical purposes.
Please note that a goal of a lot of electronic design is to come up with
practical circuits that are economical to design and build yet give the
desired results.
(b) If Re= 12 k ohms and R = 10 k ohms,
Vo = (12/20)[vy + (v2/2) + (v3/4) + (v4/8)]
= 0.6[V1 + O.5V2 + 0.25V3 + 0.125V4]
For [V1 V2 V3 V4] = [1 0 11],
Vol = 0.6[1 +0.25 +0.125] = 825 mV
For [Vivavisva] = [0101],

Vol = 0.6[0.5+0.125] = 375 mV
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Chapter 5, Problem 85.

In the op amp circuit of Fig. 5.104, find the value of R so that the power absorbed by the
10-kQ resistor is 10 mW. Take v,=2V.

R 10kQ

Vs
40 kQ

Figure 5.104 For Prob. 5.85.

Chapter 5, Solution 85.
This is a noninverting amplifier.
Vo = (1 + R/40k)vs = (1 + R/40k)2

The power being delivered to the 10-kQ give us

P =10 mW = (vo)/10k or vo= V10 2x10* =10V

Returning to our first equation we get
10 =(1 + R/40k)2 or R/40k=5-1=4

Thus, R =160 kQ.
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Chapter 5, Problem 86
Assuming a gain of 200 for an 1A, find its output voltage for:
(a)vi=0.402 Vand v, =0.386 V
(b)vi=1.002Vandv,=1.011V.

Chapter 5, Solution 86.
Vo = A(v2—Vvy) = 200(v2 —vy)

(a) Vo = 200(0.386 —0.402) = 3.2V

Vo = 200(1.011-1.002) = 1.8V

Chapter 5, Problem 87

Figure 5.105 displays a two-op-amp instrumentation amplifier. Derive an expression for
Vo in terms of v; and v,. How can this amplifier be used as a subtractor?

Figure 5.105

Chapter 5, Solution 87.
The output, v,, of the first op amp is,
va = (1 +(Ro/R))vy (1)
Also, Vo = (-R4/R3)v, + (1 + (Ra/R3))v2 (2)

Substituting (1) into (2),

Vo = (-R4/R3) (1 + (Rz/Rl))Vl + (1 + (R4/R3))V2
Or, Vo = (1 + (Ry/R)IV2 — (RYR3 + (R;R4/R1R3))vy
If R4 = Ry and R; = Ry, then,

vo =(1+ (R4/R3))(V2 - Vi)
which is a subtractor with a gain of (1 + (R4/R3)).
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Chapter 5, Problem 88

Figure 5.106 shows an instrumentation amplifier driven by a bridge. Obtain the gain Vo/V;
of the amplifier.

25 kL 500 ki

&
SO0k =
=

Figure 5.106
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Chapter 5, Solution 88.

We need to find V1, at terminals a — b, from this,
Vo = (Ro/Ry)(1 + 2(R3/Ry))Vrn = (500/25)(1 + 2(10/2))V,
= 220V,

Now we use Fig. (b) to find Vrj, in terms of v;.

va = (B/5)vi, v = (2/3)vi
VTh = Vp—V, (1/15)Vi

(Volvi) = Ay = -220/15 = -14.667
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Chapter 5, Problem 89.
Design a circuit that provides a relationship between output voltage v, and input voltage

vs such that v, = 12vs — 10. Two op amps, a 6-V battery and several resistors are
available.

Chapter 5, Solution 89.

A summer with v, = —=v; — (5/3)v, where v, = 6-V battery and an inverting amplifier
with v; =—-12v;.
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Chapter 5, Problem 90

The op amp circuit in Fig. 5.107 is a current amplifier. Find the current gain iy/is of the
amplifier.

20 kL)
Lty

Figure 5.107
Chapter 5, Solution 90.

Transforming the current source to a voltage source produces the circuit below,

At node b, vb = (2/(2+4)v, = vo/3

W\

L

At node a, (51— va)/5 = (Va—v,)/20
But v, = v, = v,/3. 2015 — (4/3)vo = (1/3)ve — Vo, O1 iy = /30
b = [2/(2+4))/2]ve = Vvo/6

iofis = (vo/6)/(vo/30) = 5
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Chapter 5, Problem 91

A noninverting current amplifier is portrayed in Fig. 5.108. Calculate the gain i4/is. Take

Ry =8k and R, =1 k.

Y

ATt A

.®

Figure 5.108

Chapter 5, Solution 91.

+ \/
+
io = i] +i2
But i] = is

R, and R; have the same voltage, v,, across them.

Rii; = Ryip, which leads to i, = (Ri/Rp)i;
Substituting (2) and (3) into (1) gives,

i, = is(1 + R/Ry)

ifis = 1+(R/Ry) = 1+8/1 = 9

(D
)

3)
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Chapter 5, Problem 92

Refer to the bridge amplifier shown in Fig. 5.109. Determine the voltage gain Vo/Vv; .

G kL
30 ki
A fify— =
uil +
S0k R, S,
20 kil 1
Ay =

Figure 5.109

Chapter 5, Solution 92

The top op amp circuit is a non-inverter, while the lower one is an inverter.

at the top op amp is
vi = (1 +60/30)v;i = 3v;j
while the output of the lower op amp is
vy, = -(50/20)v; = -2.5vj
Hence, Vo = VI —V2 = 3v;+2.5v; = 5.5v;

Vo/Vi = 5.5

The output
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Chapter 5, Problem 93

A voltage-to-current converter is shown in Fig. 5.110, which means that ip = Av; if R|R; =
R;R4. Find the constant term A.

¥

Figure 5.110
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Chapter 5, Solution 93.

NN
® AV _ °
/ \ 4
+ +
+
® e
Atnode a, (Vi—va)/Ry = (Va—Vo)/R3
Vi—Va = (Ri/Ry)(Va— Vo)
vi + (Ri/R3)vo = (1 + Ri/R3)v, (1)
Butv, = v, = vp. Hence, (1) becomes
Vi= (1 + R]/R3)VL — (R1/R3)V0 (2)

io = VO/(R4+R2||RL), iL = (Rz/(R2+RL))i0 = (Rz/(R2+RL))(V0/(R4+R2||RL))
OI', Vo = IL[(R2 + RL)( Ry + Rz”RL)/Rz (3)
But, VL = iLRL (4)

Substituting (3) and (4) into (2),
Vi = (1 + Rl/R_v,) iLRL — Rl[(Rz + RL)/(R2R3)]( R4+ R2||RL)1L

= [((R3 + R])/R3)RL — R]((Rz + RL)/(RzRg)(R4 + (RzRL/(Rz + RL))]IL

= (1/A)iL
Thus,
1

R R,+R R,R
1+ L RL_RI -2 0 'L R4+#
R, R,R, R,+R,

Please note that A has the units of mhos. An easy check is to let every resistor equal 1-
ohm and v; equal to one amp. Going through the circuit produces i, = 1A. Plugging into
the above equation produces the same answer so the answer does check.

A:
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